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Microsatellite DNA markers for the aphid parasitoid Lysiphlebus
fabarum and their applicability to related species
Abstract
The aphid parasitoid Lysiphlebus fabarum is suspected to form distinct, host-associated lineages and
exhibits poorly understood variation in reproductive mode including thelytokous and arrhenotokous
populations. As a tool to study these issues, we developed 11 polymorphic microsatellite markers. The
observed number of alleles ranged from two to 35, and the observed heterozygosity ranged from 0.01 to
0.64. Cross-species amplification tests demonstrated their utility for several congeners, but revealed
very limited applicability to more distantly related species.
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The aphid parasitoid Lysiphlebus fabarum is suspected to form distinct, host-associated 2 
lineages and exhibits poorly understood variation in reproductive mode including 3 
thelytokous and arrhenotokous populations. As a tool to study these issues, we developed 4 
eleven polymorphic microsatellite markers. The observed number of alleles ranged from 5 
2 to 35, and the observed heterozygosity ranged from 0.01 to 0.64. Cross-species 6 
amplification tests demonstrated their utility for several congeners, but revealed very 7 
limited applicability to more distantly related species. 8 
 9 
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Lysiphlebus fabarum (Marshall) is a solitary parasitoid wasp (Hymenoptera: Braconidae: 12 
Aphidiinae) of aphids naturally occurring as both arrhenotokous (biparental, sexually 13 
reproducing) as well as thelytokous (all-female) lineages (Belshaw et al. 1999). The 14 
taxonomy of the genus Lysiphlebus is poorly resolved and the morphologically defined 15 
species L. fabarum may well represent a group of taxa with specific host-associations (Petr 16 
Starý, personal communication, 2006). To address these difficulties and to study the 17 
interesting reproductive polymorphism we developed a set of 11 microsatellite markers. Their 18 
variability was assayed using a sample of 105 individuals from northern Switzerland collected 19 
from several different hosts and comprising thelytokous as well as arrhenotokous individuals. 20 
We also tested for cross-amplification in four congeners and seven more distantly related 21 
species of Aphidiinae. 22 
Primer development was commissioned to ecogenics GmbH (Zurich, Switzerland), based on a 23 
laboratory cultured thelytokous lineage originally collected in Zurich, Switzerland. Specimens 24 
were stored in 99.5% ethanol until a pool of individuals was dried under vacuum for 30 min 25 
in a SpeedVac, homogenized with Tungsten beads and then used for DNA extraction, 26 
performed overnight at 56°C using the Qiagen DNeasy tissue kit. Two enriched libraries, 27 
using 120 (markers Lysi 01-10) and 250 (markers Lysi 13-16) individuals respectively, were 28 
made from size-selected genomic DNA ligated into SAULA/SAULB-linker (Armour et al. 29 
1994). Enrichment was conducted by magnetic bead selection with biotin-labelled (CA)13 and 30 
(GA)13 oligonucleotide repeats and 1517 recombinant colonies were screened (Gautschi et al. 31 
2000a; Gautschi et al. 2000b). Of 329 hybridizations which gave a positive signal, plasmids 32 
from 172 clones were sequenced commercially (Microsynth AG, Balgach, Switzerland). 33 
Primers were designed for 17 microsatellite inserts using the program Primer3 34 
(http://frodo.wi.mit.edu/cgi-bin/primer3/primer3_www.cgi). Thirteen primer pairs were tested 35 
for polymorphism in an initial sample of 10 individuals from Zurich, using Spreadex® EL400 36 
and EL600-Gels in the SEA 2000™ System and M3 Marker for allele calling (Elchrom 37 
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Scientific AG, Switzerland). Eleven loci yielded clear and variable amplification products, of 38 
which primer sequences are listed in Table 1. In order to increase the efficiency of 39 
genotyping, we chose to co-amplify several loci and optimised two multiplex PCR reactions 40 
within which loci with overlapping size ranges are distinguished by the use of primers 41 
labelled with different dyes (Table 1). PCR amplification was carried out on a Techne TC-512 42 
thermocycler in 5 µl reactions using the QIAGEN multiplex PCR kit. Each reaction contained 43 
1 x QIAGEN Multiplex PCR MasterMix, including PCR-buffer (3mM MgCl2), a dNTP Mix 44 
and HotStarTaq DNA polymerase, 1 µl (approx. 5 ng) of genomic DNA and 0.1 µM of every 45 
locus-specific primer, each with specifically adjusted proportions of labelled/unlabelled 46 
forward-primers, ranging from 0.007 to 0.1 µM labelled forward-primer, depending on 47 
relative effectiveness of amplification within the chosen multiplex reactions. The DNA for 48 
genotyping was extracted from single individuals using 100 µl of 5% Chelex solution (Bio-49 
Rad), incubated with 6 µl Proteinase K (10mg/ml, QBiogene) for two hours at 56°C and 50 
finally boiled for 15 min. Cycling conditions were as follows: after an initial denaturation of 51 
15 min at 95 °C, 30 cycles were performed, each consisting of  30 s at 94 °C, 90 s of either 58 52 
°C (multiplex 1) or 54 °C (multiplex 2), and 60 s at 72 °C. This procedure was followed by a 53 
final extension step at 60 °C for 30 min. Fragment sizes were determined on an ABI 3730 54 
automated sequencer in relation to an internal size standard (GeneScan™ 500LIZ™). 55 
Screening for polymorphism and allele-scoring was performed using the 56 
GeneMapper®Software Version 3.7 (Applied Biosystems). 57 
 58 
Due to the haplo-diploid sex determination, only females were included in the initial analyses 59 
of genetic variability. These 105 females were collected from colonies of three aphid species 60 
(Aphis fabae, A. ruborum and A. hederae) at six sites, separated by between 5 and 30 km, in 61 
the vicinity of Zurich, northern Switzerland. These samples included arrhenotokous as well as 62 
thelytokous lineages (tentatively inferred from the presence or absence of males in samples). 63 
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Each locus was successfully amplified for all individuals. Allelic diversity and average 64 
observed and expected heterozygosity were computed using Genepop Version 3.4 (Raymond 65 
& Rousset 1995). The number of alleles per locus ranged from 2 to 35 (Table 1). Expected 66 
heterozygosity ranged from 0.01 to 0.93, and observed heterozygosity from 0.01 to 0.64. 67 
When samples were treated as a single population, all loci except Lysi 01 displayed 68 
significant deviations from Hardy-Weinberg equilibrium (HWE) with excess homozygosity in 69 
all cases (Table 1). These departures from HWE could be indicative of null alleles. However, 70 
null alleles are readily detected in this system by genotyping haploid males, and in a 71 
preliminary analysis of 20 male wasps originating from different populations, all loci were 72 
amplified successfully in all individuals (data not shown). Thus we believe that null alleles 73 
are at least not present at high frequency in any of the new loci. Instead, there are biological 74 
explanations that are likely to explain the observed homozygote excess. Firstly, thelytokous 75 
lines exhibit what has been termed 'central fusion automixis' (Belshaw & Quicke 2003), 76 
leading to a progressive loss of heterozygosity over generations. Indeed, we found several 77 
identical or nearly identical highly homozygous genotypes in our sample, suggesting we 78 
collected multiple representatives of the same thelytokous lineages. Secondly, pooling 79 
samples from several hosts may have generated a Wahlund effect if parasitoid populations are 80 
differentiated among hosts. A preliminary analysis of the data (excluding multiple copies of 81 
the same genotypes) with the software STRUCTURE (Pritchard et al. 2000) indeed revealed 82 
strong structure in the sample that at least in part reflected host associations. Significant 83 
linkage disequilibria among most loci were detected in the complete sample, but that is to be 84 
expected due to thelytoky and the inclusion of apparently differentiated gene pools. 85 
Restricting samples to putatively sexual individuals from single hosts and sites left us with 86 
three subsamples of meaningful size (n = 10, 12 and 17, all collected from Aphis hederae). 87 
This restriction disposed of linkage disequilibria (yet also reduced the power to detect them), 88 
 6 
but not of all deviations from HWE. A more comprehensive test will thus require analysing a 89 
large sample from a purely sexual population on a single host that we are yet to collect. 90 
All eleven microsatellites could be amplified successfully and were variable in the two 91 
closely related species L. cardui and L. confusus (Table 2). A subset of these loci also 92 
amplified in the less related congeners L. testaceipes and L. salicaphis. Outside the genus 93 
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Table 1 Characteristics of 11 microsatellite markers in Lysiphlebus fabarum, including locus name and Genbank accession no., primer sequences, repeat motif in cloned allele, 
and annealing temperature (Ta). The number of amplified alleles (Na), their size range, expected and observed heterozygosity (He/Ho) are reported for a pooled sample of 105 
diploid (female) individuals. Asterisks indicate significant deviations from HWE (for all: p ≤ 0.001). A BLAST search revealed that the flanking regions of  locus Lysi08 show 
88% sequence similarity with those of  locus Lysi6b12 cloned for the congeneric species  L. testaceipes (Fauvergue et al. 2005). These two loci may thus be homologous. 
GenBank  Primer Sequences (5'-3') and label Cloned allele Size range Locus 




PCR multiplex set 1 (Ta: 58°C) 
F: TGTCCGAATCCACGTAAATACA (PET) Lysi01 EF173297 
R: GTATTTTATATAGGTGGCGCTAAATAC 
(CA)10 AA (CA)2 81 75-81 2 0.01/0.01 
F: GCAACGATGTTCTCTTTTCTCC (VIC) Lysi02 EF173287 
R: GCGTGTAAACTTGGACTTATAAAGG 
(CA)43 145 80-302 35 0.93/0.64* 
F: TTTGACTTGATGTCATGGGAAG (NED) Lysi03 EF173288 
R: TGATGAGATAAATGTTGGATAAGTGC 
(GA)12 172 162-172 6 0.74/0.47* 
F: TGAAAGGGGTAAAGGGATTC (FAM) (GA)5TA(GA)2TA(GA)11TA(GA)2 Lysi05 EF173289 
R: CAATTTTCATTTTCTTTCCTCCAC TA(GA)12TA(GA)2 
153 109-153 7 0.31/0.27* 
F: GTTTTATATTATTAGAAGGCTGACACC (FAM) Lysi06 EF173290 
R: GGTGCTTCTTGAATAGTGAAACG 
(CA)4CC(CA)11 195 195-203 5 0.60/0.43* 
F: GATCTCTTTCGCGGCTTTC (PET) Lysi07 EF173291 
R: GATCACCAACTTACTCGACAGT 
(GT)9(AT)2(GT)2AT 180 170-192 3 0.63/0.16* 
F: TGACTGAACGTGGACTTTGAT (NED) Lysi08 EF173292 
R: TCGTTAAACGTCCAACCACAT 
(GT)14 106 86-108 9 0.76/0.53* 
PCR multiplex set 2 (Ta: 54°C) 
F: ATCACGTTCTAACCGAGATAAAC (VIC) Lysi10 EF173293 
R: CGTGAAACGTCGCAGTAAAC 
(CA)66 191 87-287 28 0.89/0.57* 
F: TGTATATCCATAAGGGTGTACCATAC (FAM) Lysi13 EF173294 
R: TTTTCAACGATATTTATTTCTACAACG 
(GT)10 127 121-127 4 0.60/0.46* 
F: AGTGCATGTGCAAAATCTCG (PET) Lysi15 EF173295 
R: GTAATTTTAAGCAAAATGTTTGTGAG 
(TC)12 109 93-109 6 0.58/0.31* 
F: ACACTTCACGTCCCTCATCG (NED) Lysi16 EF173296 
R: CAGTGTAGCATAACAGGGGTTG 
(CT)2C(CT)18 137 107-137 9 0.67/0.30* 
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Table 2 Cross-species amplification tests for 11 microsatellite markers developed from Lysiphlebus fabarum. N = sample size, in parentheses are given the number of detected 
alleles and the size/-range respectively, ~ indicates weak or inconsistent products of expected size, no mark indicates reaction failed. Products were not sequenced. 
  Locus           
Species N Lysi01 Lysi02 Lysi03 Lysi05 Lysi06 Lysi07 Lysi08 Lysi10 Lysi13 Lysi15 Lysi16 
L. cardui 18 (2; 75-81) (4; 78-104) (3; 166-170) (3; 113-123) (3; 199-203) (1; 180) (3; 92-96) (5; 117-151) (4; 115-123) (2; 109-111) (3; 119-129) 
L. confusus 13 (2; 81-83) (11; 70-278) (2; 168-170) (4; 111-127) (4; 197-203) (3; 170-190) (3; 92-96) (3; 75-127) (3; 119-123) (4; 101-109) (5; 109-125) 
L. testaceipes 15 
  (2; 156-158)  (1; 201)  (4; 80-102)  (2; 113-115)   
L. salicaphis 2 
  (2; 152-158) ~ ~ (1; 162) (1; 84)  (2; 147-149) (1; 93) (1; 111) 
Aphidius colemani 5 
  (1; 162)   (1; 162)      
Diaeretiella rapae 5 
  (1; 160)   (1; 160) (3; 125-141)     
Trioxys acalephae 5 
   ~ ~       
Trioxys angelicae 5 
 ~   ~       
Trioxys heraclei 5 
           
Praon silvestre 1 
   (1; 111) (1; 201)       
Ephedrus plagiator 2 
   (1; 111) ~  ~ ~    
 
